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A MODEL OF SPACE OPERATOR TRAINING MOTIVATION USING SERIOUS GAMES
Foster E. Davis
Michael E. Miller
Air Force Institute of Technology, Wright Patterson Air Force Base, OH, USA
Services provided by spacecraft, including communications and global
positioning, are integral to small businesses, multinational corporations, and the
United States Department of Defense. United States rivals recognize the
advantage provided by the space domain and are exploring ways to degrade these
services in their warfare doctrine. In response, the United States requires space
systems suited to counter these threats and personnel who are trained to respond
to the newly contested environment. Training research has shown that trainee
characteristics, including motivation, can significantly impact training outcomes.
Beyond the training literature, guidelines have been developed for motivating
game play which might apply to the development of serious games to support
training. This paper reviews the academic literature and written guidelines from
each of these domains and proposes a model of motivation to guide development
of future interactive training environments for space operator training.
Ensuring common domains remain open and free is a key objective of the United States
(U.S.) Department of Defense (DoD) (Mattis, 2018). One of the key domains the U.S. has sought
to keep free is space. Space is integral to small businesses and multinational corporations, as
space-based capabilities enable commerce by providing worldwide communications, logistics
support, and monitoring of space-based threats to earth-based communication and electronic
dissemination. These capabilities are essential to the global economy. Simultaneously, space
provides the DoD a medium for global information collection, communications, logistics
support, and command and control of forces. These capabilities provide military commanders
intelligence, surveillance, and reconnaissance allowing them to understand the security
environment (Department of Defense, 2019). Adversaries recognize a need to undermine the
advantage the space domain offers the U.S. and are exploring ways to degrade these capabilities .
To promote space as an open and free domain, the existing U.S. space architecture was
not created to counter these threats. Further, the significant cost of each system made redundancy
hard to justify in an uncontested environment. This combination resulted in a fragile U.S. space
architecture which is vulnerable to exploitation. The United States Space Force (USSF)
formation creates a force with the goal of seeking to regain secure access to and freedom to
operate in space (McCall, 2019). This requires increases in the number and quality of space-rated
personnel (Department of Defense, 2018). These personnel must be trained to the new reality,
including becoming skilled in rendezvous and proximity operations (RPO), where satellites are
maneuvered near other satellites. Students should be motivated to learn as new problems are
presented by adversaries, requiring the students to become self-learners dedicated to continually
learning the threats encountered and responses, which are non-intuitive some orbital regimes.
Thus, training is required to prepare these personnel to deal with the complexities of the control
and protection of space assets to provide an effective system by enabling human integration
(Grossman, Oglesby, & Salas, 2015).
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Unfortunately, students often lack the motivation to learn (Alsawaier, 2018) and
therefore, lack the desire to actively partake in training (Eyal, 2019). A rising solution to this
problem is properly implemented gamification (Seaborn & Fels, 2015); the “game-based
mechanics, aesthetics, and game thinking to engage people, motivate action, promote learning,
and solve problems” (Kapp, 2013). However, the literature on motivation in training and
motivation in gaming are discussed in separate bodies of literature. This paper reviews each of
these bodies of literature and proposes an integrated model.
Motivation in Training
Training often begins with an analysis of the trainees to baseline knowledge, skills, and
abilities (KSAs) of the individuals entering training. This analysis can include assessment of
cognitive ability, self-efficacy, goal orientation, and motivation. Goal orientation can vary from
mastery to performance focused where someone with a mastery or learning orientation is more
interested in obtaining new knowledge or skills and a person with a performance orientation is
more focused on appearing to acquire training content to obtain high grades (Grossman,
Oglesby, & Salas, 2015). Fink mentions a similar concept, referred to as a person’s sense of self
as a learner. He states a person’s sense of self will impact their training. Those with a weak sense
of self as a learner often fail to form a clear understanding of what they need or want to learn,
while those with a strong sense of self are proactive about their training experience and actively
seek to discover what and why they need to learn. The strong sense of self may correspond to the
mastery orientation and the weak sense of self may correspond to the performance orientation.
Fink suggests that to improve training one must help students learn something that is significant
about the subject matter to help students develop a strong and proactive sense of self as a learner
(Fink, 2003). Influencing the motivation level requires the manipulation of what Fogg calls the
core motivators. Fogg states that the core motivators are to seek pleasure and avoid pain, seek
hope and avoid fear, and seek social acceptance and avoid rejection (Fogg, 2009).
Internal and external factors can impact trainee motivation to learn and transfer learning
to the workplace. Internal factors, such as perceived utility, is high when trainees believe the
training will provide value. This value includes the belief that the KSAs being taught will enable
them to perform a job they find value in or enjoy. In this instance they feel a desire to improve
their performance, and there will be some level of return on investment from improving
performance (Berkling & Thomas, 2013; Grossman, Oglesby, & Salas, 2015). These internal
factors provide intrinsic motivation as the individual finds these KSA interesting and performs
without conditioning, for the pleasure of learning (Alsawaier, 2018). External factors include
items such as organizational climate, organizational commitment, supervisor support, peer
support, and subordinate support generate high motivation when buy-in is established.
Organizational climate was found to be the most important factor in a study focused primarily on
motivation to transfer. Motivation to transfer refers to the trainee’s intent to utilize the skills and
knowledge obtained from the training environment in the real world (Seyler, Holton III, Bates,
Burnett, & Carvalho, 1998). A student can have different levels of motivation depending on the
phase of training. Before training motivation is influenced by reputation of the training (Seyler,
Holton III, Bates, Burnett, & Carvalho, 1998; Grossman, Oglesby, & Salas, 2015). During
training, training features impact training effectiveness; including presentation format of
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information about the KSAs, proper demonstration of the KSAs, opportunities to practice the
KSAs, and feedback (Grossman, Oglesby, & Salas, 2015). After training, the transfer climate of
the gaining organization will largely determine a trainee’s motivation to apply the KSAs.
Transfer climate refers to attitudes and processes in the organization that hinder or facilitate the
use of newly acquired KSAs (Grossman, Oglesby, & Salas, 2015).
Motivation in Gaming
Motivation and engagement are central to the self-determination theory. This theory lists
three principles: autonomy, competence, and relatedness as being important to motivation and
engagement. Competence is related to the motivation to persevere through difficulties and attain
success. Autonomy relates to the need to make choices in pursuit of being responsible for one’s
actions. Relatedness is about social status and connections with others based on mutual respect
and interdependence. These three elements fulfill the human psychological requirements to feel
confident about their abilities, make choices, and compete or collaborate with others (Alsawaier,
2018). To obey the self-determination theory competence principle, the gamified course should
have a good feedback system, provide an appropriate challenge, provide sufficient build up for
complex topics, have intuitive controls, variable rewards, and social engagement (Seaborn &
Fels, 2015). To adhere to autonomy the system should allow customization of items such s
profiles, avatars, interface elements, alternate activities, privacy settings, and notification
controls (Seaborn & Fels, 2015). Providing autonomy helps maintain interest by keeping what
psychologist term reactance, the instinctive response to threats on free choice, at bay (Eyal,
2019). To provide a sense of relatedness the system should provide a way to compete or
cooperate with others by forming groups, employing blogs, messaging options, and chat
functions (Seaborn & Fels, 2015). The ability to share encouragement, exchange advice, and
receive praise satisfies the human need for social acceptance (Eyal, 2019). Social acceptance can
be catered to through relatedness elements and leaderboards (Alsawaier, 2018; Fogg, 2009).
Bartle’s Test of Game Psychology differentiates among four types of gamers. Individuals
who enjoy competing and playing against other players, i.e., Killers, are motivated by public
recognition. Individuals who seek status with a high level of performance, i.e., Achievers, are
motivated by tracking their achievement and progress. Explorers enjoy collecting virtual goods
and discovering new things, thus are interested in pursuing quest rather than impressing others.
Individuals who seek to collaborate with others, i.e., Socializers, seek to interact with others
through mutual support. The various player types illuminate factors that motivate them to play
(Alsawaier, 2018). Games developed for training may benefit self-determination theory by
incorporating these considerations during course design to improve intrinsic motivation. With
gamification, it is important to reward the effort through timely feedback, allowing them to learn
from their mistakes. This feature should motivate students to put in more effort while conquering
different learning challenges (Alsawaier, 2018).
Method
To develop an integrated model of these two bodies of literature, a Concept Map
(CMAP) was developed to represent the motivating factors and their relationships. The question
used to create the CMAP was “what is involved in motivation in training?” While this model
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captured the primary factors, it did not provide insight into the dynamics of the process. To
capture these dynamics, the concepts were incorporated into a Causal Loop Diagram (CLD) from
systems dynamics. The goal of this model is to understand the influence and feedback structure
among the concepts. The loops created help link concepts to one another, giving direction and
polarity to the relationship. The CLD integrates these feedback loops to aid in understanding the
dynamic influences among the motivating factors (Sterman, 2001).
Results
The CMAP shown in Figure I depicts the core motivators, self-determination theory, and
effect of gamer types as methods to understand motivation. Further, it differentiates between
intrinsic and extrinsic motivation, with many of the extrinsic factors arising from organizational
influences beyond the training organization. Finally, it includes attributes to guide game design.

Figure I. Concept map linking motivation theories and ideas together.

Among desirable attributes are providing appropriate rewards, without unnecessary
rewards for actions they perform freely as these rewards can be perceived as controlling;
negatively impacting intrinsic motivation. The game should provide appropriate challenges with
feedback, permitting students to experiment and increasing engagement through improving
autonomy or self-determination. Frequent and immediate feedback further supports
experimentation (Hanus & Fox, 2014). Students should also be provided avenues to help,
challenge, and congratulate each other to foster relatedness and adherence to the social
acceptance core motivator. Through these attributes, Killers are motivated by competing with
their peers, Socializers are permitted to seek and provide aid as well as receive praise from their
fellow students, Achievers can track their progress, and Explorers can enjoy discovering all that
the game has to offer. Explorers are further supported by way of badges or extra information.
The ability to repeat levels permits students to attempt higher scores, which supports Killers and
Socializers and permits Explorers to attempt new avenues of play.
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The CLD in Figure IIError! Reference source not found. illustrates the proposed model
of the dynamic relationships among the motivators. The CLD represents both organizational, i.e.,
long-term, influences shown with red connectors, as well as influences internal to training, i.e.,
short-term influences, shown with blue connectors. The long-term influences begin with
organizational commitment in which the organization both seeks to improve training
effectiveness and transfer the knowledge to operations. As the transfer climate improves the
students become increasingly motivated to transfer new knowledge to the workplace. This
improves the perceived utility of the training for new students, improving their motivation. The
improved motivation improves training effort, improving training effectiveness. Improvements
in training effectiveness improve both training reputation and achieves the goal of improved
system performance. Finally, improvements in training effectiveness improves training
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Figure II . Causal loop diagram explaining the interactions between various motivation factors.

reputation which improves organizational commitment. Generally, the long-term loop is a
reinforcing loop.
Short-term influences within the training arise predominantly from increases in the
student’s perceived autonomy, competence, connections with others, as well as training utility.
Although increased motivation is shown as increasing learning capability, leading to improved
perceived performance, and improved training effort, not all of the short-term influences are
reinforcing. For example, if the difficulty is too great, student will experience loss of perceived
competence, reducing motivation (Alsawaier, 2018). Difficulty can be adjusted through many
forms, including providing hints on how to complete task. By keeping the course at an
appropriately challenging level, Hope, a core motivator, can be created while building
competence, a tenet of self-determination theory (Fogg, 2009). Unlocking perks and leveling up
satisfy a student’s desire for competency by rewarding development and achievement (Eyal,
2019). Socializers will find the improved social connection appealing and will experience an
increased motivation level and therefore put forth more training effort. Killers will experience
improved motivation and increase training effort as their perceived performance rises. Providing
students freedom to make choices increases perceived autonomy, increasing motivation.
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Conclusion
Training in the space environment needs to develop the intrinsic motivation necessary to
create lifetime learners (Fink, 2003) and appropriate gamification of training may offer an
avenue for achieving that objective, if properly implemented. This paper proposes a potential
model of human motivation within gamified training with the goal of establishing requirements
or evaluation criteria space operator training. Future research will be needed to assess the utility
of this model for designing and assessing serious games for space operator training.
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